Formyl-methionylleucylphenylalanine (fMLP) activation of neutrophils causes an increase in intracellular Ca+, activation of protein kinase C and an increase in F-actin content.
Introduction
Chemotaxis, chemokinesis, and locomotion of human neutrophils require continuous assembly, disassembly and reorientation of the cytoskeleton. Dynamic modulation of the cytoskeleton is directed by the location and concentration of soluble chemotactic factors that include a variety ofderivatized plasma and bacterial proteins (1, 2) . The best characterized cytoskeletal alterations are those associated with binding of formyl-methionylleucylphenylalanine (fJMLP),' a chemotactic peptide (3) (4) (5) . Activation of neutrophils with fMLP results in rapid polymerization of actin followed by a slower depolymerization and redistribution 1 . Abbreviations used in this paper: H/HBSS, Hanks'/Hepes balanced salt solution; fMLP, formylmethionylleucyl phenylalanine; MOPS 3- [N-morpholino]propanesulfonic acid; NBD-phallacidin, nitrobenzo-oxadiazole phallacidin; PMA, phorbol myristate acetate; RFI, relative fluorescence intensity.
of F-actin within the cell (4) (5) (6) . The exact mechanism whereby JMLP alters F-actin content and distribution in neutrophils is not understood. Like many receptor-ligand interactions, however, binding of fMLP to its receptor induces hydrolysis of polyphosphatidylinositides (7) (8) (9) (10) , release of intracellular calcium (1 , 12) , activation of protein kinase C (13) (14) (15) , and metabolism of arachidonic acid (16) . Both protein kinase C activation and a rapid rise in intracellular calcium to micromolar concentrations occur coincidentally with the initiation of actin polymerization and precede the time of maximal F-actin content in neutrophils (17) . Temporal Several neutrophil responses, including change in cytoskeletonassociated actin are induced byfMLP, A23187, and PMA (19, 20) . The time course ofchanges in F-actin content are described in Fig. 1 and Table I . In these studies, Ficoll-Hypaque purified The rate of actin polymerization in MLP-, calcium ionophore-, and PMA-activated cells is also different. As shown in Table I , at 250C the mean rate ofJMLP-induced actin polymerization (3.80% increase in F-actin content/s) is greater than the mean rate of polymerization in A23187-activated (1.50%) or PMA-activated (0.37%) cells. The rate of depolymerization is similar for A23 187 and JMLP-activated neutrophils (9-12% and 6-10% decrease in F-actin content per minute, respectively).
Effect ofactivator dose on F-actin content. The dose response forJMLP-induced F-actin content is known (3) (4) (5) . F-actin content is maximal for JMLP concentrations > 0.01 sM. Fig. 2 shows the effect of increasing concentrations of A23187 and PMA on F-actin content of neutrophils. F-actin content is maximal for A23187 concentrations 2 0.5 AM and for PMA concentrations 2 0.1 AM. UnlikeJMLP and A23187 the PMA effect does not reach saturation and the concentrations required for even minimal change in F-actin content are massive when compared to PMA concentrations required for functional responses such as superoxide production (30) .
Effect of Ca2`on A23187 andfMLP-induced change in Factin content. The actin polymerization observed with A23187 activation requires the presence of external calcium; fMLP-induced increase in F-actin content is independent of external calcium concentration. As shown in Fig. 3 , neutrophils exposed to 1 ,uM A23187 or 0.5 AM fMLP in the presence of 1 mM [Ca2`],.,. increase F-actin content 1.5 min after addition of activator. Addition of 3 mM EGTA prior to addition of A23187, inhibits the A23187-induced but not thefiMLP-induced increase in F-actin content. DMSO (0.05 vol%), the solvent for both activators, does not alter F-actin content of cells after 1.5 min in the presence or absence of free calcium. Cells incubated in buffer with 3 mM EGTA for as long as 3 h, retain the ability to polymerize actin in response tofMLP activation (data not shown).
These results show that external calcium is required for A23187-induced actin polymerization and raise the question of whether the external calcium concentration required for A23187-induced actin polymerization is physiologically relevant. (1 1, 12, 31 ). Our studies with fixed, NBD-phallacidin stained neutrophils presented here are in agreement with the studies of Sklar et al. (17) , Yassin et al. (24) , and Sha'afi (34) . In studies with Quin 2 buffering of calcium transients and measurement ofcytoskeleton associated actin, these investigators suggest that an increase in intracellular calcium is neither necessary or sufficient to explain fMLP-induced actin polymerization.
The studies presented here and earlier studies by Sha'afi (34) clearly suggest that PMA or Ca2'-dependent, A23 187 activation of neutrophils alone or in combination do not mimic JMLPinduced changes in F-actin content. However, significant differences in our observations with A23 187 and those of Sha'afi (34) do exist. Specifically, while Sha'afi reports little effect of [Ca"] on A23 187-induced change in the cytoskeleton-associated actin of operationally defined Triton insoluble cytoskeletons, the A23187-induced effects we observe clearly depend on external Ca2+ concentration. Previous work from our laboratory (6) suggests that cytoskeleton-associated actin measured by gels and F-actin content as determined by NBD-phallacidin extraction may not be identical. The reason for the differences in Ca" dependence is not clear; however, cytoskeleton-associated actin in operationally defined Triton insoluble cytoskeletons is clearly affected by Ca2?-dependent proteolysis in the system used by Sha'afi (34) . Further studies are necessary to resolve these differences. However, regardless of these differences, both investigators' results clearly show that PMA activation or Ca2'-de- 
